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AN APPARATUS FOR MEASURING A MEDICAL SUBSTANCE; 
A SENSOR FOR USE IN THE APPARATUS; 

AND 

A SENSING ELEMENT FOR USE IN THE SENSOR 



Background of the Invention 

1) Field of the Invention 

The present invention relates to an apparatus for 
5 measuring a medical substance where a resonance phenomenon with 
an evanescent wave, such as a surface plasmon resonance 
phenomenon, is used; a sensor for use in the apparatus; and a 
sensing element for use in the sensor* Particularly, the present 
invention can be preferably applied for measuring medical 
10 substances contained in body fluids, such as urine or blood, for 
example, organic medical substances, such as morphine, 
methamphetamine, cocaine and diacetylmorphine, which act as an 
antigen having a small molecular weight. 

2) Prior Art 

15 Many methods for detecting medical substances contained 

in body fluids such as urine or blood have been suggested. For 
instance, chromatography analysis, mass spectroscopy analysis, 
precipitation reaction analysis and spectrochemical analysis 
can be mentioned. However, according to these conventional 

20 methods, complicated pretreatment process, for instance, 
extracting or refining, is required in order to adjust a sample 
liquid for use in detection. Furthermore, the analyzing 
sensitivity of these conventional methods is so low as not to 
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be able to use practically. 

On the other hand^ nowadays, attention is being made to 
a new method for analyzing medical substances contained in body 
fluid where a resonance phenomenon with an evanescent wave is 
used, because according to the new method it can be expected to 
measure medical substances with a high level of sensitivity. The 
evanescent wave is a light wave which is exponentially attenuated 
in accordance with the distance from a boundary so that the light 
wave substantially has no energy, for example, like a light wave 
which is generated when light is totally reflected. 

A well known resonance phenomenon with an evanescent wave 
is a surface plasmon resonance phenomenon which is generated when 
the wave number of evanescent waves becomes coincident with the 
wave number of the surface plasmon. When the surface plasmon 
resonance phenomenon is generated, a part of the energy of light 
is used to excite the surface plasmon, so that the generation 
of the surface plasmon resonance can be obtained as a reduction 
of the energy of the light. Since the condition for generating 
the surface plasmon resonance phenomenon, i.e. an incident angle 
or a wave number of the incident light, varies according to the 
condition of the substance which is made to contact with the 
sensing layer, information about the condition of the substance 
can be obtained by examining the condition for generating the 
surface plasmon resonance phenomenon. 

For instance, when a thin metal film is formed on a surface 
of a prism and a light is made incident upon the prism to be 
reflected by the boundary surface of the prism and the thin metal 
film, the evanescent wave goes out of the prism and then 
propagates along the surface of the prism. If the metal film 



is sufficiently thin, the evanescent wave passes through the 
metal film. The wave number of the evanescent wave depends on 
the incident angle of the incident light. On the other hand, 
the surface plasmon is an elementary excitation of a surface 
5 plasma oscillation, which corresponds to the fact that the 
quantum, i.e. an energy, of the plasma oscillation localized on 
the surface is quantized. A metal can be considered as a 
solid-state plasma where free electrons are moving in the 
background of the fixed cations, and therefore a surface plasmon 
10 can be generated on the surface of the metal. The wave number 
O of the surface plasmon depends upon a refractive index of the 

if| substance being made to contact with the thin metal film, 

p When the refractive index is varied by the fact that the 

S condition of the substance being made to contact with the thin 

15 metal film is changed, the wave number of the surface plasmon 
1^^ is varied and then the wave number of the evanescent wave is also 

Q varied. That is to say, the wave number of the evanescent wave, 

"^-^ at which the light intensity of the reflection light decreases, 

is varied- Since the wave number of the evanescent wave depends 
20 on the incident angle of the incident light, the incident angle, 
at which the light intensity of the reflection light decreases, 
i.e. a resonance angle, is changed. Therefore, the condition 
of the substance which is made to contact with the thin metal 
film, more concretely the refractive index of the substance, can 
25 be obtained by reading out the change of the incident angle, i.e. 
the resonance angle. It should be noted that the greater the 
refractive index of the substance being made to contact with the 
thin metal film, the larger the resonance angle, and generally, 
the heavier the molecular weight of the substance, the greater 
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the refractive index. 

A resonance phenomenon using a resonant mirror is also 
well known as another resonance phenomenon with an evanescent 
wave . The resonant mirror has a constitution such that a 
5 dielectric resonant layer^ e.g. a layer made of Titania, having 
a thickness of lOOnm and a high refractive index is made to 
contact with a prism via a layer, i.e. a layer made of Silica, 

having a thickness of 1 m and a low refractive index. The 
resonant mirror works in such a manner that when the layer having 

10 a low refractive index is sufficiently thin, a light (an 
evanescent wave) approaches to the dielectric layer having a high 
refractive index and then a resonance phenomenon is caused. When 
the wave number of the resonance mode of the layer having a high 
refractive index is coincident with the wave number of the 

15 incident light being made incident upon the prism with a certain 
incidence angle, the light may couple into the resonant layer 
efficiently, and then an evanescent light is generated on the 
sensing interface. The evanescent light can be detected as a 
change of phase which is caused in accordance with the change 

20 of the condition of the substance (more concretely, the change 
of the refractive index of the substance) being made to contact 
with the sensing interface. That is to say, when the resonant 
mirror is used, the refractive index of the substance which is 
made to contact with the layer having a high refractive index 

25 can be known by detecting the incident angle of the incident light 
at which the phase of the reflected light of the incident light 
is varied. 

In this manner, the resonance phenomenon with the 
evanescent wave is caused depending upon the refractive index 
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of the substance which is made to contact with the sensing 
interface. Then, it is tried to preliminarily fix an antibody 
to the resonance material, i.e. the thin metal film, and then 
to measure a medical substance which acts as an antigen coupled 
5 with the antibody fixed to the material in a specific manner. 
That is to say, when a sample liquid containing a medical 
substance is made to contact with the thin metal film, etc. on 
which the antibody is fixed, the medical substance contained in 
the sample is coupled with the antibody and then the refractive 
10 index is varied. Therefore, the amount of the medical substance 
O contained in the sample liquid can be obtained by comparing the 

^ condition (the resonance angle, etc. ) , when the antibody is fixed 

m to the thin metal film but the medical substance is not coupled 

!5f with the antibody yet, with the condition (the resonance angle, 

""^ 15 etc.) after the medical substance is coupled with the antibody. 
H However, the medical substance contained in a body fluid, 

p such as urine or blood, generally has only some hundreds molecular 

weight, which is quite small. Therefore, even if such a small 
molecular weight of substance is coupled with the antibody, a 
20 sufficient change of the refractive index cannot be obtained. 
It means the amount of change of the resonance angle is also very 
small. Thus, it is difficult to measure such an organic medical 
substance having a low molecular weight by using the surface 
plasmon resonance phenomenon in a direct manner. 
25 In order to overcome this problem, a new method is 

suggested where a standard substance is prepared having a high 
molecular weight, such as protein, and is coupled with a medical 
substance to be detected in order to increase the molecular weight, 
and then the standard substance and the medical substance 
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contained in the sample liquid to be measured are coupled with 
the antibody by competitive assay to improve the sensitivity. 
(Japan Chemical Association, 70th annually meeting in spring, 
"Measurement of methamphetamine using an immunological 
5 reaction" , by Niimoto, et al) . 

Summary of the Invention 
The present invention has for its object to provide an 
apparatus for measuring a medical substance; a sensor for use 

10 in the apparatus; and a sensing element for use in the sensor; 
by which even a medical substance having a low molecular weight 
can be measured more easily with a high sensitivity using a 
resonance phenomenon with an evanescent wave, such as a surface 
plasmon resonance phenomenon. 

15 In order to carry out the object mentioned above, the 

present inventors paid attentions to the fact that an antibody 
has a greater molecular weight than an antigen, and if it is 
arranged such that the antigen is preliminarily fixed to the 
resonance material whereby a resonance phenomenon can be 

20 generated in resonating with the evanescent wave and the antibody 
having a higher molecular weight is coupled therewith, a 
sufficient change of resonance condition, such as a resonance 
angle responding to the amount of the antibody coupled to the 
antigen preliminarily fixed to the resonance material, can be 

25 obtained. The inventors, then investigated the fact that the 
amount of the medical substance as an antigen can be indirectly 
measured from the amount of the change of the resonance condition, 
such as the resonance angle, which corresponds to the amount of 
the antibody coupled to the fixed antigen. More concretely, a 
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known amount of antibody is mixed with and reacted to a sample 
liquid, and then the mixed liquid is made to contact with the 
resonance material, such as a thin metal film, etc . In this 
manner, the residue of antibody, which has not been reacted with 
the antigen in the sample liquid, is coupled to the antigen which 
has been preliminarily fixed to the resonance material. Then 
the coupled antibody can be measured in responding to the change 
of the resonance condition. 

An apparatus for measuring a medical substance according 
to the first invention of the present application comprises a 
sensor having a resonance material, where a medical substance, 
i.e. an antigen, to be measured is fixed to the resonance material 
where a resonance phenomenon can be caused to resonate with an 
evanescent wave; and a detecting means for detecting a condition 
for generating said resonance phenomenon, which is sensed by said 
sensor. 

Here, the concept of the resonance phenomenon in 
resonating with the evanescent wave includes, but is not limited 
to, a surface plasmon resonance phenomenon and a resonance 
phenomenon using a resonant mirror as mentioned above. 
Therefore, a thin metal film, a diffraction grating, or a layer 
made of Titania, etc. is preferably used as the resonance material 
as occasion demands. Further, the generating condition of the 
resonance phenomenon is detected as a resonance angle, a wave 
length of the reflected light, or a phase of the reflected light. 

An apparatus for measuring a medical substance according 
to the first invention of the present application has another 
aspect in that the apparatus further comprises a calculating 
means for recognizing an amount of the medical substance 



contained in a sample liquid from a change of said generating 
condition of the resonance phenomenon which is occurred when a 
mixture of an antibody which is coupled with said medical 
substance in a specific manner and said sample liquid is made 
to contact with a surface of said sensor to which said medical 
substance has been fixed. 

A sensor for detecting a medical substance according to 
the second invention of the present application, which is for 
use in the apparatus according to the first invention, is 
characterized in that a medical substance, i.e. an antigen, to 
be measured is fixed to a resonance material where a resonance 
phenomenon can be generated in resonating with an evanescent 
wave . 

An apparatus for measuring a medical substance according 
to the third invention of the present application comprises a 
sensor having a resonance material where a medical substance, 
i.e. an antigen, to be measured, is fixed to the resonance 
material where a resonance phenomenon can be generated in 
resonating with an evanescent wave and a detecting means for 
detecting a condition for generating a surface plasmon resonance 
phenomenon which is sensed by said sensor. 

In the apparatus according to the third invention, a 
surface plasmon resonance phenomenon is used as the resonance 
phenomenon in resonating to the evanescent wave. 

An apparatus for measuring a medical substance according 
to the third invention of the present application has another 
aspect in that the apparatus comprises a calculating means for 
recognizing an amount of the medical substance contained in a 
sample liquid from a change of said generating condition of the 
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surface plasmon resonance phenomenon which is generated when a 
mixture of an antibody which is coupled with said medical 
substance in a specific manner and said sample liquid is made 
to contact with a surface of said sensor to which said medical 
substance has been fixed. 

A sensor for detecting a medical substance according to 
the fourth invention of the present application, which is for 
use in the apparatus according to the third invention, is 
characterized in that a medical substance, i.e. an antigen, to 
be measured is fixed to a resonance material by which a surface 
plasmon resonance phenomenon can be generated in resonating with 
an evanescent wave. 

An apparatus for measuring a medical substance according 
to the fifth invention of the present application comprises a 
prism having a high refractive index, a thin metal film formed 
on one of the surfaces of said prism directly or indirectly, a 
light source for supplying an incident light on said thin metal 
film via said prism, a detecting means for detecting an incident 
angle of said incident light at which a surface plasmon resonance 
phenomenon is generated on said thin metal film via said prism, 
wherein a medical substance, i.e. antigen as an object to be 
measured is fixed on a surface of said thin metal film which is 
located on an opposite side of the surface where said prism is 
provided. 

In the apparatus according to the fifth invention, the 
surface plasmon resonance phenomenon is used; further the thin 
metal film is used as a resonance material, which is formed on 
one of the surfaces of the prism directly or indirectly. It 
should be noted that to form the metal film on the surface of 
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the prism indirectly means to prepare a thin metal film 
independently, for instance, on a base plate, and to provide the 
base plate with the film on the surface of the prism. 

An apparatus for measuring a medical substance according 
to the fifth invention of the present application has another 
aspect in that the apparatus further comprises a calculating 
means; wherein a medical substance, i.e. antigen as an object 
to be measured, is fixed on a surface of said thin metal film 
which is located on an opposite side of the surface where said 
prism is provided; and wherein an amount of the medical substance 
contained in a sample liquid is recognized by said calculating 
means from a change of said incident angle of the incident light 
when a mixture of an antibody which is coupled with said medical 
substance in a specific manner and said sample liquid is made 
contact with the surface of said metal thin layer where said 
medical substance has been fixed. 

A sensor according to the sixth invention of the present 
application, which is for use in the apparatus according to the 
fifth invention, comprises a prism having a high refractive index, 
a thin metal film formed on one of the surfaces of said prism 
directly or indirectly; wherein a medical substance, i.e. 
antigen as an object to be measured is fixed to another surface 
of said thin metal film which is located on an opposite side of 
the surface where said prism is provided. 

A sensing element according to the seventh invention of 
the present application comprises a base plate which is arranged 
to be able to be mounted on one of the surfaces of a prism having 
a high refractive index, and a thin metal film formed on one of 
the surfaces of said base plate; wherein a medical substance. 
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i,e, antigen as an object to be measured, is fixed on a surface 
of said thin metal film which is located on an opposite side of 
the surface where said base plate is provided. 

The sensing element according to the seventh invention is 
5 used under the condition that the element is mounted on the prism 
having a high refractive index for use in measuring apparatuses 
where the surface plasmon resonance phenomenon is used to detect 
the medical substance. According to the seventh invention, in 
order to make it widely used, it is preferred to provide a base 
10 plate, e.g. a glass plate, on which a thin metal film is formed, 
on the surface of the prism. 

Brief Description of the Drawings 
Fig. 1 is a schematic view showing a construction of an 
15 apparatus for measuring a medical substance according to the 
invention; 

Fig. 2 is a graph depicting response curves of the 
resonance angles when solutions containing antibodies of 
morphine with different concentrations are introduced into the 
20 apparatus; 

Fig. 3 is a graph illustrating a dependency of the response 
upon the concentration of the morphine when solutions containing 
antibodies of morphine with different concentrations are 
introduced into the apparatus; 
25 Fig. 4 is graph representing response curves of the 

resonance angles when mixtures each having antibody with a 
constant concentration of 5ppm and morphine with different 
concentrations are introduced into the apparatus; 

Fig. 5 is a graph showing a dependency response upon the 
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concentration of morphine when mixtures each having antibody 
with a constant concentration of 5ppm and morphine with different 
concentrations are introduced into the apparatus; 

Fig. 6 is a graph depicting response curves of the 
5 resonance angles when mixtures each having antibody with a 
constant concentration of 5ppm and urine with different 
concentrations are introduced into the apparatus; 

Fig. 7 is a graph illustrating a dependency response upon 
the concentration of urine when mixtures each having antibody 

10 with a constant concentration of 5ppm and urine with different 
concentrations are introduced into the apparatus; 

Fig, 8 shows two series of graphs representing response 
curves of the resonance angles; one of which is obtained when 
mixtures^ which contain 1% of urine, each having antibody with 

15 a constant concentration of 5ppm and morphine with different 
concentrations are introduced into the apparatus; and the other 
one of which is obtained when mixtures , which do not contain urine, 
each having antibody with a constant concentration of 5ppm and 
morphine with different concentrations are introduced into the 

20 apparatus; 

Fig. 9 is a graph representing dependency responses upon 
the concentration of morphine; one of which is obtained when 
mixtures, which contain 1% of urine, each having antibody with 
a constant concentration of 5ppm and morphine with different 

25 concentrations are introduced into the apparatus; and the other 
one of which is obtained when mixtures , which do not contain urine, 
each having antibody with a constant concentration of 5ppm and 
morphine with different concentrations are introduced into the 
apparatus ; 



12 



Fig. 10 is a graph depicting a condition for regenerating 
the sensor where alkali liquid is used; 

Fig. 11 is a graph illustrating response curves of the 
resonance angles when mixtures each having antibody with a 
5 constant concentration of 5ppra and methamphetamine with 
different concentrations are introduced into the apparatus; and 

Fig. 12 is a graph representing a dependency response upon 
the concentration of methamphetamine when mixtures each having 
antibody with a constant concentration of 5ppm and 
10 methamphetamine with different concentrations are introduced 
into the apparatus. 

Detailed Explanation of the Preferred Embodiments 
The preferred embodiments of the present invention will 

15 be explained below. It should be noted that the medical 
substance, i.e. an antigen as an object to be detected, is not 
limited in the present invention, however, the present invention 
can be preferably applied to detect a medical substance having 
a low molecular weight, for instance, an antihypnotic, such as 

20 methamphetamine (molecular weight: 149.24), amphetamine 
(molecular weight: 135.21); a narcotic, such as morphine 
(molecular weight: 285.34), diacetylmorphine (heroin) 

(molecular weight: 369.42), codeine (molecular weight: 
2 99.37) , cocaine (molecular weight : 303 . 36) , mesadon 

25 (molecular weight: 309.45), lysergic acid diethylamide (LSD) 
(molecular weight: 323.44); psychotropic medicines, such as 
phenobarbital (molecular weight : 232,24), diazepam (molecular 
weight: 284.74), nitrazepam (molecular weight: 281,27); and 
hemp, such as tetrahydrocannabinol (molecular weight: 314.47) . 



13 



The molecular weights of these medical substances are in a range 
between 100 to 400, more concretely 130 to 330. Such medical 
substances having low molecular weights could not be detected 
by conventional apparatuses where the surface plasmon resonance 
phenomenon, etc, are used, because their molecular weight is so 
low that the change of the refractive index of sensing layer on 
the thin metal film is not effectively occurred. Therefore, the 
measurement value in a conventional apparatus could not be 
evaluated in a clear condition. 

As an antibody, which recognizes a medical substance (or 
an epitope of the medical substance) and couples to the substance, 
i.e. an antigen as an object to be measured, in a specif ic manner, 
a monoclonal antibody or a polyclonal antibody can be used without 
any limitation. The monoclonal antibody can be easily produced 
in accordance with the Kohler • Milstein method. Generally, 
antibody forming cell coming from Mammalian spleen cells, such 
as mouse cells, which are rendered immune by antigen and Myeloma 
cell of Mammalia, such as a mouse, are fused into one to obtain 
a hybridoma for producing an antibody; the thus obtained 
hybridoma is subjected to a screening with a selective medium 
to obtain a desired hybridoma; then the thus obtained desired 
hybridoma is cultivated to produce the monoclonal antibody. On 
the other hand, the monoclonal antibody is available by giving 
a hybridoma in a cavity of Mammalia, such as a mouse, and then 
generating monoclonal antibody from its abdominal dropsy. 

According to the invention, a medical substance such as 
an antigen generally has a low molecular weight . Therefore, the 
antibody for a medical substance can be produced in such a manner 
that bovine serum albumin (BSA) or human serum albumin, etc. is 
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coupled to the medical substance as a carrier to give an iininunogen 
thereto, and is then cultivated, 

A polyclonal antibody can be obtained in such a manner 
that after the carrier is added to the medical substance, the 
substance with the carrier is given into the cavity or under the 
skin of Mammalia, such as a mouse, and then obtaining a serum 
from the Mammalia and then refined. 

Fig, 1 is a schematic view showing a construction of an 
example of the apparatus for measuring a medical substance 
according to the present invention where a surface plasmon 
resonance phenomenon is used to detect the objected medical 
substance . 

The apparatus shown in Fig. 1 has so-called Kretschmann 
configuration, which comprises a prism 1 having a high refractive 
index, a sensing element 2 being mounted on one of the surfaces 
of said prism 1 and having a thin metal film formed on an opposite 
side of the surface where the prism 1 is provided, a light source 
3 from which a light is emitted and the light is made incident 
upon said thin metal film 2 formed on said sensing element 2 
through said prism 1, a detector 4 for receiving a reflected light 
on said thin metal film and detecting an incident angle of an 
incident light at which a surface plasmon resonance phenomenon 
is generated, a calculating device 5 for receiving a signal being 
sent from said detector 4 and for recognizing the amount of the 
medical substance contained in a sample, and a flow cell 6 which 
works as a field where the sample is made to contact with the 
metal film. 

Any prism member having a high refractive index can be 
used for the prism 1 without any limitation. For instance, the 
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BK7 (n^ =1.5163), SFL6 (n^ =1.80518) etc . can be preferably used 
for the prism material , The material is not limited to a glass, 
so that the other material, such as a plastic, can be used. 
Furthermore, the shape of the prism 1 is not limited, so that 
5 the prism having a semi-spherical shape, a triangle shape, etc, 
can be preferably used. 

The sensing element 2 comprises a base plate made of a 
thin film made of glass or plastic, so-called a cover glass; and 
a thin metal film formed on one of the surfaces of the base plate, 
10 Any metal can be used as long as the metal can be formed on the 
S base plate as a thin film. For instance. Platinum, Gold, Silver, 

# Copper, Nickel, Iron, Aluminum, and Stainless can be preferably 

in used; particularly, a thin metal film made of Gold is preferred, 

^ The preferred thickness of the metal film is 25 to 90nm, more 

15 preferably, 40 to 60nm. The metal film can be formed on the 
surface of the base plate by vacuum evaporation, coating, etc, 
p The sensing element 2 is mounted on the prism 1 so as to 

JI put the surface where the thin metal film is formed outside. The 

method for mounting the element on the prism 1 is not limited, 
20 so that many sorts of mounting method can be applied, for instance, 
a method using a matching oil with the aid of surface tension, 
adhering, or pressurizing the base plate with the aid of an 
adapter , 

On the sensing element 2, the medical substance which is 
25 an antigen as an object to be measured is fixed to the thin metal 
film which is located on the opposite side of the base plate. 
In order to fix the medical substance on the thin metal film, 
there are considered the method for physically absorbing the 
antigen on which protein, etc. has been coupled, the method for 
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chemically coupling the antigen on the surface of the thin metal 
film after a functional group having an affinity to the metal 
surface, such as thiol group or disulfide group, has been coupling 
to the antigen. 

5 As the light source 3, any kind of light source having 

a wavelength 200 to 1300 nm, more preferably, 400 to 800nm can 
be used. For instance, a light emitting diode which emits a light 
having a wavelength of 650 to 800nm can be preferably used. 

As the detector 4, for instance, a photodiode, a linear 
10 array, or a CCD camera, can be preferably used. 
O The calculating device 5 is provided for recognizing the 

5 amount of the medical substance contained in the sample on the 

m basis of information obtained from the detector 4 about the 

y comparison result that the resonance angle when the mixture 

15 liquid, where the antibody which is coupled to the medical 
substance in a specific manner and a sample liquid are mixed at 
Q a given ratio, is made contact with the surface of the thin metal 

% film on which the medical substance has been fixed, is compared 

to the resonance angle before the mixture liquid is made contact 
20 with the surface of the thin metal film. It should be noted the 
concept of the recognition here includes not only to obtain a 
concrete value of the concentration of the medical substance 
contained in the sample but also to make a judgement by selection 
from two possibilities of if the concentration of the medical 
25 substance contained in the sample is beyond some standard value 
or not. 

The flow cell 6 is a container for containing the sample 
liquid, inside of which the surface of the metal thin layer where 
the antigen is fixed is exposed. In the flow cell 6, there are 
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provided an inlet and an outlet, so that the sample liquid is 
circulated there by a pump (not shown) to be made to contact with 
the metal thin layer. 

According to the first embodiment, the carrier is passed 
5 through the flow cell 6, first, then the incident light emitted 
from the light source 3 is made incident upon the metal thin layer 
of the sensing element 2 through the prism 1, and then an incident 
angle (a resonance angle) at which the reflecting intensity of 
the reflected light becomes the minimum is detected as "a first 

10 resonance angle (1)"* 

Next, a mixture liquid of the antibody and the sample 
liquid which have been reacted together, is passed through the 
flow cell 6. The mixture liquid is prepared in such a manner 
that a certain amount of antibody which is coupled to the medical 

15 substance, which is an antigen as the object to be measured, in 
a specific manner is prepared, and the thus prepared antibody 
is mixed with the sample liquid to generate antigen-antibody 
reaction. 

The resonance angle is then monitored after the mixture 
20 liquid is introduced into the flow cell 6, and the resonance angle 
is detected as "a second resonance angle (2) " when the monitored 
resonance angle becomes constant, assuming that the antigen- 
antibody reaction of the antibody left in the mixture liquid and 
the medical substance fixed on the thin metal film has been 
25 finished at that time. 

The "second resonance angle (2)" should be greater than 
the "first resonance angle (1)" in response to the amount of 
antibody which had been coupled to the medical substance fixed 
on the thin metal film. That is to say, when the amount of the 
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medical substance contained in the sample is small, the resonance 
angle largely varies, because a great amount of antibody is left 
in the sample, while, when the amount of the medical substance 
contained in the sample is great, the resonance angle does not 
vary so much, because the amount of the antibody left in the sample 
is small. Therefore, by preliminarily preparing an inspection 
line using a standard sample liquid which contains a medical 
substance having a known concentration, it is able to recognize 
the concentration of the medical substance contained in the 
sample in accordance with the amount of the change of the 
resonance angle which is detected by the detector 4. 

It may be possible to introduce the liquid mixture into 
the flow cell 6 before the antigen-antibody reaction of the 
antibody and the antigen contained in the sample has not been 
completed. In this case, the left of the antibody is coupled 
to the medical substance contained in the sample liquid and to 
the medical substance fixed on the metal thin layer in a 
competitive manner. 

It is preferred to conduct the antigen-antibody reaction 
mentioned above at a temperature of 5 to 45 "C, more preferably 
20 to 30°C. Further, in case more high measurement accuracy is 
required, it is preferred to make the temperature constant within 
the preferred range. 

It should be noted that the sensor is reusable. In order 
to reuse it, an acid or alkali washing liquid should be introduced 
into the flow cell 6 so that the antibody coupled to the thin 
metal film is dissociated therefrom. 

In the apparatus shown in Fig. 1, the sensor is constituted 
of the sensing element and the prism, and the thin metal film 
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is formed on the prism via a thin film base plate. However, it 
may be possible to deposit the thin metal film on the prism 
directly and then fix the medical substance on the film to 
complete the sensor . 
5 Furthermore, it may be possible to use a batch type cell 

instead of the flow cell 6. In this case, the sensor should be 
formed under the batch type cell so as to expose the thin metal 
film on the bottom surface of the cell* Moreover, the 
measurement apparatus having no cell can be considered where the 
10 sensor should be immersed into a container in which the sample 
O liquid is contained, 

Lfl The condition for generating the resonance phenomenon can 

m be detected by measuring the light intensity of the reflected 

fe{ light of the incident light at a certain incident angle, beside 

15 of detecting the resonance angle as shown, 
r-^ In Fig. 1, the surface plasmon measurement apparatus 

O arranged as the Kretschmann configuration is shown, however, in 

Jl addition to this, many other types of apparatus, such as the 

apparatus using Otto ' s optical configuration, the apparatus 
20 using diffraction grating, or the apparatus using an optical 

fiber can be applied measurement apparatus using the surface 

plasmon. 

According to the Otto's optical configuration, the prism 
and the sensor according to the fourth invention of the present 
25 application are arranged, where a sample liquid to be detected 
is placed therebetween. In this case, the condition for 
generating the resonance phenomenon is detected by the resonance 
angle, or the reflection light intensity at a certain incident 
light angle . 



In the case of the apparatus using a diffracting grating, 
the medical substance should be fixed on the surface of the 
diffracting grating to complete the sensor according to fourth 
invention of the present application . In this case, the 
5 condition for generating the resonance phenomenon is also 
detected by the resonance angle, or the reflection light 
intensity at a certain incident light angle. Further, the 
condition for generating the resonance phenomenon can also be 
obtained by obtaining a spectrum of a reflection light which is 
10 obtained from a white light and then detecting an attenuating 
Q wave length which is attenuated by a resonance caused with the 

O reflected light. 

Further, in the case of the apparatus using the optical 
S fiber, a thin metal film is coated on the surface of the core 

"'■^ 15 of the optical fiber and the medical substance is fixed on the 
metal film to complete the sensor according to the fourth 
O invention of the present application. In this case, the 

% condition for generating the resonance phenomenon can be also 

""""^ obtained by obtaining a spectrum of a reflected light which is 

20 obtained from a white light and then detecting an attenuating 
wave length which is attenuated by a resonance caused with the 
reflected light. 

Furthermore, the present invention can be applied on the 
apparatus using a resonant mirror. In this case, the medical 
25 substance is fixed to a dielectric layer made of Titania, for 
example, having a thickness of about lOOnm to constitute a sensor 
according to the second invention of the present application; 
and the condition for generating the resonance phenomenon can 
be obtained by detecting the incident angle at which the phase 
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of the reflection light is changed* 

It should be noted that the calculating means is not an 
elemental requirement in the apparatus according to the present 
invention. That is to say, even in the apparatus having no 
calculating means, it is possible to recognize the amount of the 
medical substance contained in the sample by using an eternal 
recorder or a personal computer to which the signal detected in 
the detector 4 is supplied. 

The present invention will be explained in the following 
embodiments 1 and 2 in a more detail manner, however, it should 
be noted that the present invention is not limited by these 
embodiments. In the first embodiment, morphine contained in a 
sample is measured as the medical substance, and in the second 
embodiment methamphetamine is detected. 

(1) Embodiment 1 

Explanation of the Measurem ent Apparatus 

In the first embodiment, the flow cell type measurement 
apparatus, SPR-20 manufactured by DKK is used. The basic 
construction of the apparatus is as shown in Fig, 1. In this 
apparatus, the sample liquid is circulated through the flow cell 
6, so that the sample can be reacted with the antibody which has 
been coupled to the metal thin layer of the sensor for a 
sufficient time. A light emitting diode is used as the light 
source 3 which has a wave length of 680 nm; a CCD camera is used 
as the detector 4. The material of the prism is BK7 ; and the 
sensing element 2, which will be explained in detail below, is 
mounted on a flat surface of the prism 1 with the aid of a matching 
oil . 
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Preparation of the Sensing Element 

The sensing element is completed in such a manner that 
a thin Gold film is formed on a cover glass (manufactured by 
Matsunami Glass Co., Ltd.) by a vapor evaporation; then morphine 
5 is fixed to the surface of the film. 
0 Synthesis of Normorphine 

Demethylation of morphine was conducted in accordance 
- with the method by Brine et al. as in the following. 

After melting 3.82g of morphine in 190 ml of Chloroform, 
10 20. 9g of methylchloroformate and 16. Og of sodium 
O hydrogencarbonate are added; then the thus obtained mixture is 

^ refluxed for 8 hours. Non-organic material is filtered from the 

m reacted material; the filtered material is subjected to a 

S dehydration with the aid of anhydrous sodium sulfate; and a 

"""^ 15 solvent medium is evaporated under a reduced pressure to obtain 
M= a residue thereof having a light yellow color and a viscosity. 

F| Into the thus obtained residue, 11.4ml of 97% hydrazine hydrate 

JJ is added, and then 15.2ml of 64% hydrazine hydrate is further 

added; then the residue with the hydrazine hydrate is refluxed 
20 for 12 hours to deposit crystal. The thus deposited crystal is 
washed with water, acetone and chloroform to obtain 2. Big of 
normorphine. Whether the thus obtained substance is a desired 
normorphine is checked by a nuclear magnetic resonance (NMR) 
method. 

25 

(D Synthesis of N- (4-phthalimidebutyl) Normorphine 

After melting 2. Big of normorphine in 64 ml of 
dimethylholmamide, 4.39g of N- ( 4-bromobutyl ) phthalimide and 
1.31g of sodium hydrogencarbonate are added; and then is refluxed 
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for 2 hours . After extracting a material from the reacted 
material with the aid of ethyl acetate, the extracted material 
is washed by saturated salted water; subjected to a dehydration 
with the aid of anhydrous sodium sulfate; a solvent medium is 
5 evaporated under a reduced pressure to obtain a residue having 
a black color and a viscosity* The thus obtained residue is 
refined by silica gel column (Wakogel C-200, 500ml, developing 
solvent ethyl acetate ethyl acetate : methanol = 9:1). The 
fraction which shows only the spot of R^= 0-60 is dispensed by 
10 TLC (developing solvent ethyl acetate : methanol = 5 : 1) ; then 
the solvent is removed under a reduced pressure to obtain 4,04g 
of the objected material. Whether the thus obtained material 
is a desired N- { 4-phthalimidebutyl ) Normorphine is checked by 
a mass spectroscopy (MS ) . 

15 

CD Synthesis of N- (4-aminobutyl) Normorphine 

Hydrazinolusis of N- (4-phthalimidebutyl) normorphine 
was conducted as in the following, where allyl alcohol is added 
in the reaction system in order to reduce a side reaction, 
20 referring the method by Rice et al . 

Into 944mg of N- (4-phthalimidebutyl) normorphine, 2.2ml 
of allyl alcohol and 7 * 9ml of 90% hydrazine hydrate are added; 
then is refluxed for one hour in a nitrogen atmosphere. The 
solvent is evaporated from the reacted material under a reduced 
25 pressure; and the thus obtained residue is refined by silica gel 
(Wakogel C-200) column (developing solvent chloroform: 
methanol: water: = 10 : 10 : 1) The fraction which shows only 
the spot of Rj, = 0.25 is dispensed by TLC (developing solvent 
chloroform: methanol: water: = 10 : 10 : 1) ; then the solvent 
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is removed under a reduced pressure to obtain 618mg of the 
objected material. Whether the thus obtained material is a 
desired N- {4-aminobutyl) normorphine is checked by a mass 
spectroscopy (MS) . 

5 

(D Synthesis of Conjugate (MO-BSA) of N- ( 4-aminobutyl ) 
Normorphine and Bovine Serum Albumin (BSA) 

Into 0.3ml of dimethylf ormamide, is melted 15mg of N- 
(4-aminobutyl) normorphine; then the thus obtained material is 

10 further mixed with BSA solution (lOmg/1 • 5ml) , Into the mixed 
material, 0 , 5ml of 10% solution of l-ethyle-3- (3- 
dimethylaminopropyl) carbodiimide hydrochloric acid salt (EDC) 
is added; the pH thereof is adjusted to 5.5: and then stirred 
for 16 hours at a room temperature. The thus obtained material 

15 is subjected to a dialysis for super pure water, and then frozen 
and dried up to obtain lOmg of synthesized material of N-(4- 
aminobutyl) normorphine and bovine serum albumin (MO-BSA: 1 Omg) , 

(D Fixing the MO-BSA to the Thin Metal Film 

20 Into the flow cell 6, circulated MO-BSA having a 

concentration of lOOppm at a room temperature until the resonance 
angle becomes constant, i.e. for 3 to 5 minutes, to adhere to 
the MO-BSA on the thin metal film. Then, MO-BSA having a 
concentration of lOOOppm is circulated into the flow cell until 

25 the resonance angle becomes constant, i.e. for 3 to 5 minutes, 
under a room temperature to conduct a blocking so that the MO-BSA 
is not physically adsorbed on the film any more. 

Relation between the conc entration of antibody and the amount 
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nf t-hg^ nhangR of th^ res onance angle 

After completing to make the sensing element, a solution 
of monochronal antibody of morphine is introduced in the flow 
cell 6 and then circulated at a room temperature to study a 
5 relation between the concentration of antibody and the amount 
of change of the resonance angle. 

Raw liquid (non-diluted) material of the antibody having 
a concentration of 17 00ppm is obtained in accordance with the 
above mentioned Kohler -Milstein method. The raw material is 

10 dissolved into PBS (16. 2inM of disodium hydrogen phosphate, 3 . 8M 
of disodium hydrogen phosphate, lOOmM of sodium chloride, 0.1% 
of sodium azide) to adjust five antibody solutions each having 
a different concentration in a range of 1 to 20ppm. 

Fig. 2 is a graph showing responding curves when each of 

15 the antibody solutions and BSA having a concentration of 2 0ppm 
are mixed and then introduced in the flow cell 6. In Fig. 2, 
time is taken on a horizontal axis and the resonance angle is 
on a vertical axis, and the mark "sample" indicated by an arrow 
shows a time when each antibody solution or the BSA (sample) 

20 starts to be introduced in the flow cell 6. Further, Fig. 3 is 
a graph illustrating a dependency to the concentration of 
antibody in the response of the resonance angle, where the amount 
of the change of the resonance angle is taken on the vertical 
axis and the concentration of the antibody is on the horizontal 

25 angle. In Fig. 3, differences between the first resonance angle 
(1), which is obtained before the sample is introduced in the 
flow cell 6 and the second resonance angle (2) which is obtained 
after the antigen-antibody reaction has been finished and the 
response of the resonance angle has been stabilized are plotted. 
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As clear from Fig. 3, it is recognized that the resonance 
angle changes sufficiently in accordance with the change of the 
concentration of the antibody to be introduced into the flow cell . 
Further, it can be considered that the effect of the non-specific 
5 physical absorption of the antibody is very small because the 
resonance angle does not change at all when 2 0ppm of BSA is 
introduced into the flow cell 6, 

Rpl;qf.i.on between the concentrati on of morphine and the amount 
10 of the change of the resonan ce angle 

Next, mixtures which are obtained by preliminarily 
reacting a certain amount of antibody having a concentration of 
5ppm and morphine (MO) are introduced into the flow cell 6 and 

15 circulated at a room temperature to study the relation between 
the concentration of morphine and the amount of change of the 
resonance angle . 

Mixtures containing the antibody having a concentration 
of 5ppm and morphine having a different concentrations in a range 

20 of 0.1 to lOOppm were prepared in such a manner that that 3 
M 1 of the raw liquid material of antibody having a concentration 
of IVOOppm mentioned above and 1ml of mixtures of morphine and 
PBS each having a different concentration of morphine are mixed 
together and reacted for about 5 minutes at a room temperature. 

25 Fig. 4 is a graph depicting response curves when each 

mixture and 1ml of the antibody solvent including no morphine 
are introduced in the flow cell. In Fig. 4, time is taken on 
the horizontal axis and the resonance angle is taken on the 
vertical axis; and the mark "sample" indicated by an arrow shows 



27 



a time when each mixture and the solvent including no morphine 
start to be introduced into the cell. Further, Fig. 5 is a graph 
illustrating a dependency to the concentration of morphine in 
the response of the resonance angle, where the amount of the 
change of the resonance angle is taken on the vertical axis and 
the concentration of the antibody is on the horizontal axis. In 
Fig. 5, differences between the first resonance angles (1) before 
the samples are introduced and the second resonance angles (2) 
after the antigen-antibody reaction has been finished and the 
response has been stabilized are plotted. 

It is recognized that a sufficient change of the 
resonance angle can be obtained in accordance with the 
concentration of the morphine contained in the mixture which is 
introduced in the flow cell. 

Influence bv the other composition contained in urine 

It is considered that composition contained in urine gives 
a great influence to the sensitivity or specificity of 
immunological reaction. Then urine diluted to 10 to 100 times 
by PBS are prepared as buffer liquid; and antibody solutions 
having a concentration of 5ppm with different concentrations of 
urine are introduced into the flow cell and circulated at a room 
temperature to study the relation between the concentration of 
the urine and the amount of change of the resonance angle. 

Five antibody solutions having a concentration of 5ppm 
using the urine diluted by PBS in a range of 10 to 100 times as 
the buffer solution were obtained by mixing 3 /z 1 of the raw liquid 
material of antibody with a concentration of 1700ppm to the buffer 
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solution, i.e. urine diluted by PBS with a certain ratio, so as 
to have 1ml of samples each having a different concentration of 
urine . 

Fig. 6 is a graph representing the response curves when 
1ml of antibody solution each containing urine with different 
concentration is introduced in the flow cell. In Fig. 6, time 
is taken on the horizontal axis and the resonance angle is taken 
on the vertical axis; and the mark "sample" indicated by an arrow 
shows a time when each solution containing urine (sample) starts 
to be introduced into the cell. Further, Fig. 7 is a graph 
illustrating a dependency to the concentration of urine in the 
response of the resonance angle, where the amount of the change 
of the resonance angle is taken on the vertical axis and the 
concentration of the antibody is on the horizontal angle. In 
Fig. 7, differences between the first resonance angle (1) before 
the samples are introduced into the cell and the second resonance 
angle (2) after the antigen-antibody reaction has been finished 
and the response has been stabilized are plotted. 

According to Fig. 6, when the concentration of the urine 
contained into the antibody solution to be introduced in the flow 
cell is 10%, two times or more higher response was obtained in 
comparison to the case of the antibody solution which does not 
contain urine. The reason why is considered such that the 
protein contained in urine adheres to the antibody in a non 
specific manner. While, it is also recognized that if the urine 
is diluted to 100 times (1%) , the influence from the non specific 
adhering is reduced . 
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TRfilation between the concentrat ion of morphine and the amount 
of the change of the resonance angle when urine having a 
concentration of 1% is mixed 

Mixtures in which a certain amount of antibody (Sppm) and 
morphine have been preliminarily reacted together are introduced 
in the flow cell using a buffer solution which is obtained by 
diluting urine to 100 times by PBS^ and circulated at a room 
temperature to study the relation between the concentration of 
morphine and the amount of the change of the resonance angle 
under the condition that urine exists. 

The mixtures^ which contain urine, including the antibody 
solution having a concentration of Sppm and morphine having 
different concentrations in a range of 1 to lOppb were obtained 
in such a manner that 3 1 of the raw liquid material of antibody 
with a concentration of IVOOppm and a certain amount of morphine, 
and the buffer solution, i.e. urine diluted to ICQ times by PBS 
are mixed together, so as to have 1ml of samples each having a 
different concentration of morphine, and reacted for 10 minutes 
at a room temperature . 

Fig. 8 is a graph representing the response curves when 
1ml of mixture containing urine (b) and 1ml of the mixture but 
containing no urine (a) . In Fig. 8, time is taken on the 
horizontal axis and the resonance angle is taken on the vertical 
axis ; and the indication shown by an arrow with the concentrations 
of morphine and antibody means a time when each mixture (sample) 
starts to be introduced in the cell. Further, Fig. 9 is a graph 
illustrating a dependency to the concentration of morphine in 
the response of the resonance angle, where the amount of the 
change of the resonance angle is taken on the vertical axis and 
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the concentration of the antibody is on the horizontal angle. 
In Fig. 9, differences between the first resonance angle (1) 
before the sample is introduced and the second resonance angle 
(2) after the antigen-antibody reaction has been finished and 
5 the response has been stabilized are plotted. 

According to the result shown in Fig. 9, when the 
concentration of the urine contained into the antibody solution 
to be introduced in the flow cell is 1%, the reaction was greater 
by about 10% in comparison to the case of the mixture which does 
10 not contain urine; in the range of the concentration of morphine 
3 of 1 to lOppb, a good response can be obtained in accordance with 

0 the concentration of the morphine. Generally, since the urine 

II of people, who usually use morphine, contains morphine with a 

5 concentration of about Ippm, even if the urine is diluted to 1%, 

^ 15 it can be expected to detect the morphine having a concentration 
of about lOppb, so that such a diluted urine can be sufficiently 
3 put to practical use . 

Regeneration of the S ensor 

20 In Figs. 2, 4, 6 and 8, the marks "PBS", "pH2,0" and "PBS" 

shown by arrows mean that after the second resonance angles (2) 
are measured, "PBS", "O.IM glycine + 0 . IM NaCl + O.lMHCl" and 
"PBS" are introduced into the flow cell instead of the sample 
each position (time) and then circulated at a room temperature. 

25 By introducing acid material into the flow cell in this manner, 
it can be recognized that the specific coupling between the 
antigen and antibody is dissociated from each other so that the 
value of the resonance angle returns to the value before the 
sample is introduced into the flow cell. In other words, the 
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sensor can be regenerated. 

While, by introducing not only acid material but also 
alkali material, the sensor can also be regenerated. In Fig, 
10, the response of the resonance angle is illustrated after 
antibody solution containing morphine having a concentration of 
5ppm is introduced into the flow cell and circulated at a room 
temperature, "PBS", "O.IM glycine + 0 . IM NaCl + O.lMNaCl" and 
"PBS" are introduced into the flow cell, and circulated at a room 
temperature. As clear from Fig. 10, the resonance angle also 
returns to the value before the sample is introduced into the 
flow cell by introducing alkali material. 

(2) Embodiment 2 

Configuration of the Measuring Apparatus 

The same apparatus as that of the first embodiment was 

used. 

Preparation of the Sensing Element 

The sensing element is completed in such a manner that 
a thin Gold film is formed on a cover glass (manufactured by 
Matsunami Glass Co., Ltd.) by a vapor evaporation; then morphine 
is fixed to the surface of the film. 

® Synthesis of N- (4-phthalimidebutyl) Methamphetamine 

After melting 1.55g of methanphetamine 64 ml of 
dimethylholmamide, 4 . 39g of N- ( 4-bromobutyle) phethalimide and 
1.31g of sodium hydrogencarbonate are added; and then refluxed 
for 2 hours. After extracting a material from the reacted 
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material with the aide of ethyl acetate, the extracted material 
is washed by saturated salted water; subjected to a dehydration 
with the aid of anhydrous sodium sulfate; a solvent medium is 
evaporated under a reduced pressure to obtain a residue having 
5 a black color and a viscosity. The thus obtained residue is 
refined by silica gel column (Wakogel C-200, 500ml, developing 
solvent ethyl acetate ethyl acetate : methanol = 9:1). The 
fraction which shows only the spot of R^= 0.60 is dispensed by 
TLC (developing solvent ethyl acetate : methanol = 5 : 1) ; then 
10 the solvent is removed under a reduced pressure to obtain 3.00g 
3 of the objected material. Whether the thus obtained material 

0 is an objected N- ( 4-phthalimidebutyl ) methamphetamine is 

II checked by a mass spectroscopy (MS ) . 

" 15 (D Synthesis of N- ( 4-aminobutyl ) Methamphetamine 
± Hydrazinolusis of N- ( 4-phthalimidebutyl) 

3 methamphetamine was conducted as in the following, where allyl 

fi alcohol is added in the reaction system in order to reduce a side 

" reaction, referring the method by Rice et al. 

20 Into 944mg of N- ( 4-phthalimidebutyl ) methamphetamine, 

2.2ml of allyl alcohol and 7.9ml of 90% hydrazine hydrate are 
added; then is refluxed for one hour in a nitrogen atmosphere. 
The solvent is removed from the reacted material under a reduced 
pressure; and the thus obtained residue is refined by silica gel 
25 (Wakogel C-2 00) column (developing solvent chloroform: 
methanol: water: = 10 : 10 : 1) The fraction which shows only 
the spot of = 0.25 is dispensed by TLC (developing solvent 
chloroform: methanol: water: = 10 : 10 : 1) ; then the solvent 
is evaporated under a reduced pressure to obtain 397mg of the 
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desired material. Whether the thus obtained material is the 
desired N- ( 4-aminobutyl ) methamphetamine is checked by mass 
spectroscopy (MS) . 

(D Synthesis of Conjugate (MO-BSA) of N- (4-aminobutyl) 
methamphetamine and Bovine Serum Albumin (BSA) 

Into 0.3ml of dimethylf ormamide, is melted 9 . 7mg of 
N" (4-aminobutyl) methamphetamine; then the thus obtained 
material is further mixed with BSA solution (lOmg/ 1.5ml) . Into 
the mixed material, 0.5ml of 10% solution of l-ethyle-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloric acid salt (EDC) 
is added; the pH thereof is adjusted to 5.5: and then stirred 
for 16 hours at a room temperature. The thus obtained material 
is subjected to a dialysis for super pure water, and then frozen 
and dried up to obtain lOmg of synthesized material of N-(4- 
aminobutyl) methamphetamine and bovine serum albumin (MO- 
BSA: lOmg) 

® Fixing the MA-BSA to the Thin Metal Film 

Into the flow cell 6, circulated MA-BSA having a 
concentration of lOOppm at a room temperature until the resonance 
angle becomes constant, i.e. for 3 to 5 minutes, to adhere the 
MA-BSA on the thin metal film. Then, MA-BSA having a 
concentration of lOOOppm is circulated into the flow cell until 
the resonance angle becomes constant, i.e. for 3 to 5 minutes, 
under a room temperature to conduct a blocking so that the MO-BSA 
is not physically adsorbed on the film any more. 
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Relation between the concentration of methamphetamine and the 
aTTionnt o f the change of the resonance angle 
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Next, mixtures which are obtained by preliminarily 
5 reacting a certain amount of antibody having a concentration of 
5ppm and methamphetamine (MA) are introduced into the flow cell 
6 and circulated at a room temperature to study the relation 
between the concentration of methamphetamine and the amount of 
the change of the resonance angle. 

10 Mixtures containing the antibody and methamphetamine each 

having a different concentration of methamphetamine in a range 
of 0.1 to lOOppm were prepared in such a manner that that 3 
fil of the raw liquid material of antibody having a concentration 
of 1700ppm mentioned above and 1ml of mixtures of methamphetamine 

15 and PBS each having a different concentration of methamphetamine 
are mixed together and reacted for about 5 minutes at a room 
temperature , 

Fig. 11 is a graph depicting response curves when each 
mixture and 1ml of the antibody solvent including no 

20 methamphetamine are introduced in the flow cell. In Fig. 11, 
time is taken on the horizontal axis and the resonance angle is 
taken on the vertical axis; and the mark "sample" indicated by 
an arrow shows a time when each mixture and the solvent including 
no methamphetamine start to be introduced into the cell . Further, 

25 Fig. 12 is a graph illustrating a dependency to the concentration 
of methamphetamine in response of the resonance angle, where the 
amount of the change of the resonance angle is taken on the 
vertical axis and the concentration of the antibody is on the 
horizontal axis. In Fig. 12, differences between the first 
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resonance angle (1) before the samples are introduced and the 
second resonance angle (2) after the antigen-antibody reaction 
has been finished and the response has been stabilized are 
plotted, 

5 It is recognized that a sufficient change of the 

resonance angle can be obtained in accordance with the 
concentration of the me thamphet amine contained in the mixture 
which is introduced in the flow cell- 

10 In the second embodiment^ after the second resonance angle 

P (2) are measured, "PBS", "O.IM glycine + 0 . IM NaCl + O.lMHCl" 

C and "PBS" are introduced into the flow cell instead of the sample 

m and circulated at a room temperature. By introducing acid 

f5 material into the flow cell in this manner, it can be recognized 

^ 15 that the specific coupling between the antigen and antibody is 
^ dissociated from each other so that the value of the resonance 

□ angle returns to the value before the sample is introduced into 

the flow cell. In other words, the sensor can be regenerated 

Si- 
even in measuring the methamphetamine by not only introducing 

20 the acid into the cell but also alkali. 

As explained above, according to the invention, since the 
medical substance is detected by using a resonance phenomenon 
with evanescent wave, such as surface plasmon resonance 
25 phenomenon, the measurement accuracy is not affected by the 
coloring of the sample or non-transparency of the sample. 
Further, the measurement can be conducted with only a small amount 
of sample in a short time period. 

Furthermore, according to the present invention, the 
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change of the condition for generating the resonance based on 
the coupling of the antibody which has a great molecular weight 
to the sensor is obtained, and the concentration of the medical 
substance, which is antigen, is obtained from the change of the 
condition for generating resonance in an indirect manner. 
Therefore, even if the medical substance to be measured has only 
a small molecular weight, it is possible to detect it with a high 
accuracy. 

Furthermore, in case the antibody has been preliminarily 
fixed on the resonance material such as a thin metal film, etc., 
there is a disadvantage that the activity of immunity of the 
antibody is decreased due to the change of the construction of 
the antibody when the antibody is fixed or due to the change of 
the antibody when a long time has passed after the antibody was 
fixed, so that the measurement accuracy becomes low. However, 
according to the invention, since the antigen as an object to 
be measured is fixed to the thin metal film, the disadvantage 
is solved that the activity of the immunity of the antibody is 
decreased . 

Moreover, according to the invention, the pre-treatment 
for the measurement is very simple which is only to adjust a 
mixture of the sample liquid and antibody. 



37 



What is claimed is: 

1. An apparatus for measuring a medical substance comprising 
a sensor which comprises a resonance material where a resonance 
phenomenon is caused to resonate with an evanescent wave and where 
said medical substance, i.e, an antigen as an object to be 

5 measured, is fixed; and a detecting means for detecting a 
condition for generating said resonance phenomenon generated in 
said sensor. 

2. An apparatus for measuring a medical substance according to 
Claim 1, wherein said condition for generating said resonance 
phenomenon is changed when a mixture of antibody which is coupled 
with said medical substance in a specific manner and a sample 

5 is made contact with a surface of said sensor to which saidmedical 
substance is fixed; and said detecting means detects the change • 

3. An apparatus for measuring a medical substance according to 
Claim 2, further comprising a calculating means for recognizing 
an amount of said medical substance contained in said sample in 
accordance with a change of said condition for generating said 

5 resonance phenomenon detected by said detecting means. 

4. A sensor for use in an apparatus for measuring a medical 
substance comprising a resonance material where a resonance 
phenomenon in resonating with an evanescent wave, wherein a 
medical substance, i.e. antigen as an object to be measured in 

5 said apparatus, is fixed to said resonance material. 
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5. An apparatus for measuring a medical substance comprising 
a sensor which comprises a resonance material where a surface 
plasmon resonance phenomenon is caused to resonate with an 
evanescent wave and where said medical substance, i.e. an antigen 
as an object to be measured, is fixed; and a detecting means for 
detecting a condition for generating said surface plasmon 
resonance phenomenon generated in said sensor. 

6. An apparatus for measuring a medical substance according to 
Claim 5, wherein said condition for generating said surface 
plasmon resonance phenomenon is changed when a mixture of 
antibody which is coupled with said medical substance in a 
specific manner and a sample is made contact with a surface of 
said sensor to which said medical substance is fixed; and said 
detecting means detects the change . 

7. An apparatus for measuring a medical substance according to 
Claim 6, further comprising a calculating means for recognizing 
an amount of said medical substance contained in said sample in 
accordance with a change of said condition for generating said 
surface plasmon resonance phenomenon detected by said detecting 
means . 

8. A sensor for use in an apparatus for measuring a medical 
substance comprising a resonance material where a surface 
plasmon resonance phenomenon in resonating with an evanescent 
wave, wherein a medical substance, i.e. antigen as an object to 
be measured in said apparatus , is fixed to said resonance 
material . 
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9. An apparatus for measuring a medical substance comprising 
a prism having a high refractive index, a thin metal film formed 
on one of the surfaces of said prism in a direct or indirect manner, 
a light source for making a light incident upon said thin metal 
film via said prism, and a detecting means for detecting an 
incident angle of said incident light at which a surface plasmon 
resonance phenomenon is generated on said thin metal film via 
said prism; wherein a medical substance, i.e. antigen as an object 
to be measured is fixed to one of the surface of said thin metal 
film which is located on an opposite side where said prism is 
formed, 

10. An apparatus for measuring a medical substance according 
to Claim 9, wherein said condition for generating said surface 
plasmon resonance phenomenon is changed when a mixture of 
antibody which is coupled with said medical substance in a 
specific manner and a sample is made contact with a surface of 
said thin metal film to which said medical substance is fixed; 
and said detecting means detects the change . 

11. An apparatus for measuring a medical substance according 
to Claim 10, further comprising a calculating means for 
recognizing an amount of said medical substance contained in said 
sample in accordance with a change of said condition for 
generating said surface plasmon resonance phenomenon detected 
by said detecting means. 

12. A sensor for use in an apparatus for measuring a medical 
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substance comprising a prism having a high refracting index, a 
thin metal film formed on one of the surfaces of said prism in 
a direct or indirect manner; wherein a medical substance, i,e, 
antigen as an object to be measured is fixed to one of the surface 
of said thin metal film which is located on an opposite side where 
said prism is formed. 

13, A sensing element for use in a sensor provided in an 
apparatus for measuring a medical substance comprising a base 
plate being able to be mounted on a surface of a prism having 
a high refractive index, and a thin metal film being formed on 
one of the surfaces of said base plate; wherein a medical 
substance, i.e. antigen as an object to be measured is fixed to 
one of the surface of said thin metal film which is located on 
an opposite side where said base plate is provided. 
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An apparatus for measuring a medical substance where a 
prism having a high refractive index, a thin metal film formed 
on one of the surfaces of the prism, a light source for making 
a light incident upon the thin metal film, and a detector for 
detecting an incident angle of a light being made incident upon 
a film on which a plasmon resonance phenomenon is generated on 
the thin metal film are provided. The medical substance, i.e. 
antigen as an object to be measured, is fixed to the surface of 
the thin metal film, and the condition for generating the plasmon 
resonance phenomenon is varied when a mixture of antibody which 
is coupled with the medical substance in a specific manner and 
a sample is made contact with a surface of the thin metal film; 
and the amount of the medical substance can be detected by 
recognizing the change with a high sensitivity. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below my name, 

I believe I am the original, first and sole inventor (if only one name is listed below), or an original, first and joint inventor (if more than 
one inventor's name is listed below), of the subject matter which is claimed and for which a patent is sought on the invention entitled 

An apioaratus for measuring: a medical substance : sensor for use In the appax-atus : 

and a sensing element for use In the sensSP^^^^"^^"**^'* 

the specification of which: CD is attached hereto O was filed on Application Serial No. 

(for declaration not accompanying application) 

with amendment(s) filed on 

(date(s) of all amendments) 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance with Title 37, Code 
of Federal Regulations, § 1.56(a). 



I hereby claim foreign priority benefits under Title 35, United States Code, §119/§172 of any foreign application(s) for patent or inventor's 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before 
4 that of the application on which priority is claimed: 



EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION 


APPLICATION NUMBER 
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Japan 
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Japan 
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I hereby claim the benefit xmder Title 35, United States application(s) listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, United 
States Code §112, 1 acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, § 1 .56(a) 
which occurred between the filing date of the prior application and the national or PCT international filing date of this application: 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint Stanley 1. Rosen (Req. No. 19,441), Lionel N, White (Req. No. 20,843), 
and Shahan Islam (Reg. No. 32,507), whose address is Friedman Siegelbaum, Seven Becker Farm Road, Roseland, New Jersey, 07068- 
1757 as my attorneys, to prosecute this application, and to transact all business in the U. S. Patent and Trademark Office connected 
therewith. 



Send Correspondence To: Shahan Islam, Esq. Direct Telephone Number 
Friedman Siegelbaum, Seven Becker Farm Road, Roseland, New Jersey 07068-1757 (201) 992-1990 
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State of Foreign Country 
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Country of Citizenship 
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2nd Inventor 


Last Name 
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Residence & 
Citizenship 
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State of Foreign Country 
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Country of Citizenship 
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No. and Street Address 

4-32 Matsugaoka 
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Full Name of 
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Last Name 

Uda 
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Middle Name 


Residence & 
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State of Foreign Country 
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Country of Citizenship 


Home Address 
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Residence & 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 
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Signature of 2nd Inventor 


Signature of 3rd Inventor 


Signature of 4th Inventor 


Date 


Date / 


Date 


Date 



J:\DOCS_1\FORMS\72970.SI 



2 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re: (check one) M Application of: Norlo MIIIRA. Noboru YAMAZOE and Talzo UDA 

(Inventor Names) 

□ Patent of: 

□ Serial No.: □ Patent No.: 



Serial No. Patent No. 
3 Filed.: Herewith □ 



Filing Date or Herewith Date of Issuance 



Examiner: Group Art Unit: 

An apparatus for measuring a medical substance; a sensor for use 
For: in the apparatus; and a sensing aa.ement for use in the sens or 

Title of Application 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
[37 CFR 1.9(f) and l-27(b)] - Independent Inventor 

Honorable Commissioner of Patents and Trademarks 
Washington, D,C, 20231 

Sir: 

As a below named inventor, I hereby declare that I qualify as an independent inventor as defmed in 37 CFR 1.9(c) for purposes 
of paying reduced fees under section 41(a) and (b) of Title 35, United States Code, to the Patent and Trademark Office with 

regard to the invention entitled An ppppr^^tjif^ for measu ririg a medical substance: described in: 

_ a sensor for use in the apparatus ; ^™**' ^^p"*'^**'*"^ and a sensing element for use 
D the specification filed herewith ^n the sensor 

D application serial no. , filed 

O patent no. , filed 

I have not assigned, granted, conveyed or licensed and am under no obligation imder contract or law to assign, grant, convey 
or license, any rights in the invention to any person who could not be classified as an independent inventor under 37 CFR 1 .9(c) 
if that person had made the invention, or to any concern which would not qualify as a small business concern under 37 CFR 
L9(d) or a nonprofit organization imder 37 CFR L9(e). 

Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am imder an obligation under 
contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

(check one) 

O no such person, concern, or organization 

0 persons, concerns or organizations listed below* 

Full Name: Norio MIURA 

Address: j^iy-g-gGn Hi-r^^^o, Chuo-ku^ Fukuoka-shi, Fukuoka 810. Japan 



O INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 



*NOTE: Separate verified statements are required from each named person, concern, or organization having rights 
to the invention averring to their status as small entities. 



Full Name: ]\Tnbn-m] YAMAZOF, 

Address: M^.tF^i]gaoka.j Kasijga-shi,, Fukuoka 8l6, Japan 



M INDIVIDUAL 



□ SMALL BUSINESS CONCERN 



□ NONPROFIT ORGANIZATION 



Full Name: Tai zo IIDA 

Address: i^-i„^02 Tokalchi-Mlnaml 2 chome. Mivoshl-shi. Hlroslxuna 728, Japan 



Q INDIVIDUAL 



□ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement 
to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any maintenance fee due after the 
date on which status as a small entity is no longer appropriate, [37 CFR 1.28(b)] 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true* and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of this application, any patent issuing thereon, or any patent to 
which this verified statement is directed. 
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Shahan Islam 

FRIEDMAN SIEGELBAUM 

Seven Becker Farm Road 
Roseland, New Jersey 07068-1757 



Name of person signing: 
Address of person signing: 



Direct Telephone calls to: 
Shahan Islam, Esq. 
(201) 992-1990 



Signature: 



Date: 



FuU Name of 1st Inventor 


FuU Name of 3rd Inventor 


Fuii^Ssij^io^^ 


Norio jymiRA 


Taizo UDA 




Signature of 1st Inventor 


Sign.atiu-e of 3rd Inventor 


PuUil&me ' of :5&;"ihVentG^^ ■ 
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Friedman Siegelbaum Docket No.: ?ssn /Kjp 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re: (check one) 0 Application of: Norio MIURA, Noboru YAMZOE and Talzo UDA 

(Inventor Names) 

□ Patent of: 

□ Serial No,: □ Patent No.: 

Serial No. Patent No. 



Filed.: Examiner: 

Filing Date or Herewith 



CD Issued: Group Art Unit: 

Date of Issuance 

An apparatus for measLiring a medical substance: a sensor for use In 

For: the apparatus; and a sensing element for- u^f^ 1n -hh^ <^^r^^r.T> 

Title of Invention 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
[37 CFR 1.9(f) and L27(c)]-Small Business Concern 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

I hereby declare that I am: 

O the owner of the small business concern identified below: 

C3 an official of the small business concern empowered to act on behalf of the concern identified below: 

Name of concern DKK Corporation ^ 



Address of concern 1^^-14. Klchl.lo.ilkltamachl 4-chome _^ Miasashlno-shl. ^ 

Tokyo 180, JAPAN 

I hereby declare that the above identified small business concern qualifies as a small business concern as defined in CFR 121.3- 
18, and reproduced in 37 CFR 1.9(d), for purposes of paying reduced fees under section 41(a) and (b) of Title 35, United States 
Code, in that the number of employees of the concern, including those of its affiliates, does not exceed 500 persons. For 
purposes of this statement, (1) the number of employees of the business concern is the average over the previous fiscal year of 
the concern of the persons employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal year, 
and (2) concerns are affiliates of each other when either, directly or indirectly, one concern controls or has the power to control 
the other, or a third party or parties controls or has the power to control both. 



I hereby declare that rights under contract or law have been conveyed to and remain with the small business concern and/or there 
is an obligation under contract or law by the inventor(s) to convey rights to the small business concern with regard to the 

invention, entitled, by inventor(s) 

described in: 

(Title of Application) Inventor Name{s) 

O the specification filed herewith 

□ application serial no. , filed 



patent no. 



filed 



If the rights held by the above identified small business concern are not exclusive, each individual, concern or organization 
having rights to the invention is listed below * and no rights to the invention are held by any person, other than the inventor, who 
could not qualify as a small business concern under 37 CFR 1.9(d) or by any concern which would not qualify as a small 
business concern 37 CFR i.9(d) or a nonprofit organization under 37 CFR 1.9(e). 

Full Name: — 

Address: . 



□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 



Full Name: 
Address: 



□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 



Full Name: 
Address: 



□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement 
to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any maintenance fee due after the 
date on which status as a small entity is not longer appropriate, (37 CFR 1 .28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application, any patent issuing thereon, or any patent to which 
this verified statement is directed. 
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Shahan Islam 

FRIEDMAN SIEGELBAUM 

Seven Becker Farm Road 
Roseland, New Jersey 07068-1757 

Name of person signing: SLinao YAMASHITA 

Address of person signing: C/0 DKK Corporation, 13-14 KicMjoJlkltamehl 4-ehQme 

Mii<^^Rbinn-Rhi J Tokvo 18Q . JAPAN 



Direct Telephone calls to: 
Shahan Islam, Esq, 
(201) 992-1990 



Signature: 



CJ 



Date: 



November 26, 1997 



*NOTE: Separate verified statements are required from each named person, concern, or organization having rights 
to the invention averring to their status as small entities. 
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